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ABSTRACT 


The  vapor  pressure  of  a  50-50  mole  i>   mixture  (EDO)  of  HpO  and  DgO  and  the 
difference  in  pressure  of  HgO  and  HDO  from  l60  to  31^4-3  psia.  have  been 
determined  by  means  of  a  high  pressure  ebulliometer .  A  plot  of  the  data 
shovs  the  vapor  pressures  of  H2O,  D20^  and  HDO  to  be  equal  at  220.7*0.  and 
3^0.9  psia.  The  vapor  pressure  of  HDO  is  an  average  of  that  of  H2O  and 


DgO. 
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THE  VAPOR  PRESSURE  OF  A  MIXTURE  OF  H^O  AI^  DgO 

A  recent  report  by  Oliver,  Grisard  and  Milton  (2)  presented  the  vapor  pressure 
data  on  pure  D2O  and  the  difference  in  pressure  of  D2O  and  H2O  from  200 
psia.  to  the  critical  point.  In  exploring  the  possibilities  of  producing 
heavy  water  by  distillation  at  high  temperatures,  the  vapor  pressiore  of  a 
50  mole  ^  mixture  of  D2O  and  H2O  has  now  been  measured  from  about  150  to 
3000  pounds.  Since  the  first  report  gave  a  short  review  of  the  vapor  pres- 
sure and  critical  constants  data  found  in  the  literature,  only  the  experi- 
mental data  on  the  mixture  will  be  considered  here. 


EXPERIMEHTAL 


Material 


The  D2O  was  the  same  as   that  used  in  the  previous  work:  conductivity, 
2.7  X  10-0  mhos;  pH,  6.5j  weight  ^  DgO,  99.87.  Heavy  water  from  Trail, 
British  Col\imbia,  the  source  of  this  sample,  normally  contains  about  O.jf) 
of  the  O-'-"  isotope.  The  sample  of  normal  water  weis  doubly  distilled  with 
the  second  distillation  being  made  from  a  permanganate  solution.  In  pre- 
paring the  50-50  mole  <^   mixture,  the  amount  of  D2O  in  normal  water  (0.0114-7 
mol  ij)   and  the  weight  %   D2O,  99.87>  of  the  heavy  water,  were  used  in  cal- 
culating the  weights  of  material.  Using  molecular  weights  for  D2O  of 
20.0283  and  for  H2O  of  18.0157,  the  composition  of  the  sample  placed  in  the 
boiling  point  tube  was  calcvilated  to  be  50. 33  mol  5^  D2O  and  '4-9.67  mol  ^  HpO. 

Apparatus  and  Procedure 

All  apparatus  used  in  this  investigation  v&a   the  same  as  that  described  pre- 
viously (2).  Briefly,  the  apparatus  was  composed  of  two  boiling  point  tubes 
connected  throiigh  traps  to  a  common  pre3S\ire  system  containing  helium.  The 
boiling  temperat\ire  of  the  EDO  in  one  tube  was  compared  directly  with  the 
boiling  temperature  of  normal  water  in  the  other.  A  platinum  thermohm  and 
G-2  Mueller  bridge  with  accessory  equipment  were  used  to  measure  tempera- 
tures. The  system  pressure  corresponding  to  the  observed  boiling  point  of 
the  normal  water  was  obtained  from  steam  tables. 


RESULTS  AND  DISCUSSION 

It  has  been  assumed  that  the  vapor  pressure  of  a  50-50  mole  ^  mixtvire  of 
D2O  and  HoO  would  be  an  average  of  the  vapor  pressure  of  each  compound.  Of 
course,  this  postulation  waa  ba^ed  on  the  assumption  that  an  ideal  solution 
Is  formed  by  mixing  D2O  and  HgO. 

Boiling  point  measurements  were  made  on  H2O  and  HDO  over  the  press\ire  range 
of  150  to  3000  psia.  These  data  and  the  difference  in  the  boiling  points 
at  each  observed  pressure  are  listed  in  table  I.  Using  the  data  of  table  I 
and  the  previous  work  (2),  a  plot  was  made  of  the  boiling  point  difference 
between  H2O  and  D2O,  and  H2O  and  HDO.  This  plot,  figure  1,  shows  the  boiling 
points  of  the  50-50  mole  ^  mixture,  HDO,  to  be  an  average  of  those  for  the 
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pure  materials.  Moreover,  the  three  cxirves  cross  at  the  same  point  of 
temperatiire,  220. T'C,  and  pressure,  3'<-0»9  psia.  Therefore,  it  may  be  con- 
cluded that  D2O  and  H2O  form  an  ideal  solution  over  the  entire  liquid  range. 
The  data  obtained  above  3OOO  psia.  indicate  that  the  critical  point  for  HDO 
lies  between  the  critical  points  of  H^O  and  DoO. 

TABLE  I 
VAPOR  PRESSURE  OF  HgO  AND  HDO 


Pressure, 

Boiling  Polntfl 

1,  fc. 

/^   (HoO  -  HDO), 

psia. 

l81f.57 

HDO 

•c. 

161.36 

l81^.78 

-0.216 

219.^0 

198.68 

198.81 

-0.132 

265.85 

208.00 

208.08 

-0.084 

325.97 

218. 3!^ 

218.36 

-0.023 

367. 5lv 

22k. 66 

22k. 6k 

0.018 

U20.5I 

231.95 

231.89 

0.058 

472. lU 

238.in 

238.31 

0.102 

5U.2l^ 

21^3.28 

21^3.15 

0.126 

619.38 

25^^.21^ 

251^.05 

0.187 

1607.7 

318.62 

318.09 

0.532 

3017.5 

369.01 

368. OU 

0.969 

31^3.3 

372. U2 

371.26 

l.l6i^ 

3lkk.l 

372.1^5 

371.29 

1.152 
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